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(57) Abstract 

The invention relates to mcdiods for inducing mucosal inmumity to an antigen and provides oUgDmicleotkle adjuvants effective in 
stimulating such immunity against antigens. Ibe adjuvants provided by the invention have littie toxicity, are relatively simple to manufectme 
as compared to cholera toxin and odmr mucosal adjuvants, and possess the additional advantages of biasing tiie host immune respoi^ 
toward the Thl phenotype. 
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METHODS AND ADJUVANTS 
FOR STIMULATING MUCOSAL IMMUNITY 
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The invention relates to methods and oligonucleotide conq)ositions for use in stimulating 
mucosal immunity in a host. 
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HISTORY OF THE RELATED ART 
Immunoglobulin A QgA) antibodies and cytotoxic T cells (CTLs) are known to provide 
protection in mucosal tissues against a number of infectious agoits, including HIV. 
However, effective and non-toxic means for inducing such mucosal immunity to 
antigras have proved elusive. For example, live attenuated vaccines produce robust 
immunity including mucosal IgA and CTL responses, but are difficult to produce and 
pose the risk of iatrogenic disease. These problems could be avoided through use of 
reconibinant proteins fiom infectious agents, butimmuneresponses to antigras delivered 
to mucsal surfaces are generally weak. 



Mucosally active adjuvants can inqirove immune responses towards co-administeied 
protein antigens substantially, but with toxicities that limit their use in humans. For 
example, cholera toxin is an extcemdy potent mucosal adjuvant, but is inherently toxic 
25 and can induce a Th2 biased immune response which includes the development of IgB 
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and allergic sensitization towaid the target antigen. Because of such limitations, alum 
is essentially the only adjuvant in ohnical use today. Howeyer, alum is relatively weak, 
does not woik with a number of antigens, does not induce CTL activity, and because it 
must be delivered systemically, does not induce IgA production at detectable titers m 
5 mucosa. 

SI IMMARY OF THE INVENTION 
The invention provides a mucosally active ai^uvant which not only stimulates antigen 
specific IgA production, but also biases the host immune response towaid the Thl 
phmotype, while avoiding antigen-induced IgE production. The adjuvant has littie or no 
10 known toxicity in mammals, is relatively maple to manu&cture and has efiBcacy 
comparable to that of diolera toxin used as a mucosal adjuvant. Indeed, strong sIgA 
responses can be obtained using the ISS-ODN adjuvants of the invention following a 
single adminstration. 

The mucosally active adjuvant of the invention consists of immunostimulatoiy 
1 5 oligonucleotides ([SS-ODN). Phamiaceutically acceptable compositions of ISS-ODN 
are provided for use in practicing the methods of the invention. The ISS-ODN of the 
invention include DNA or KNA oligonucleotides which are enriched with CpQ 
dinucleotides, including those which are comprised of the primary structure S-Purine- 
Purine-[C}-[Gl-Pyrimidine-Pyrimidine-3*. An especially usefiil form of the ISS-ODN 
20 adjuvant composition is one in which tiie immunizing antigen is conjugated to the ISS* 
ODN. 

The invention further provides means to stimulate production of secretory IgA (sIgA) in 
a host To this end, ISS-ODN are administered to host mucosa before or following 
antigen sensitizalion. An especially advantageous use for this aspect ofthe invention is 
25 to induce immunity in ahost at mucosal sites wheie antigens, such as aUergeais and 
pathogens, enter the body. The invoition is usefiil in stimulating immunity in mucosae 
at and distal to the point of ISS-ODN administration. 
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Advantageously, the mucosal immunity produced by the invention is accompanied by a 
shift in the host systmiic immune response to the antigen away fiom a Th2 immune 
phenotype and into a Thl immune phenotype. Thus, use of the method to boost tiie 
mucosal immune re^onsiven^ of a host to subsequent challenge by an antigen 
S suppresses IgE production, thereby avoiding die risk of immunizatioii-induced 
ansphylaxis, in response to the andgen challenge. 

Suppression of the Th2 immune phmotype is also achieved through use of the mucosal 
adjuvant of the invention. Thus, use of the adjuvant reduces the antigen-stimulated IL-4 
and ILrS production which accompanies canonical immunotherapy, including 
10 immunization with known adjuvants. 

The ISS-ODN can also be provided in the form of a kit comprising IS&-ODN and any 
additional medicam^ts, as well as a device for delivery of the ISS-ODN to a host tissue 
and reagrats for detamining the biological effect of the ISS-ODN on the treated host 

BRIEF DESCRIPTION OF PR AWIKG5g 

1 S FIGUSES la and lb gnphdata confirming that mice immunized intranasally with ISS- 
ODN and antigen produce secretory IgA at levels comparable to diose produced in 
response to cholera tmdn (CT) and antigen immunizatioa This response is compared to 
that of mice inmiunized intranasally with antigen alone or with an ISS-ODN whose 
immunostimulatory activity has been abolished duough mutation of the CpG cor^ 

20 neifho: of which gn>iq>s experienced mucosal IgA production. Figure la inflects IgA 
detominationin fecalsanqplespost-iinmunization, inBALF samples post-immunization, 
and in vaginal swab samples post-immunization. Figure lb reflect seram IgA levels in 
the same mice. 

FIGURES 2a and2b gr^h dataconfirming that mice immunized intranasally with ISS- 
25 ODNaadantigenprDdiiceThl relatedcytokine(IFNy)butUttleTh2rdated(grto]^^ 
4). This response is compared to the responses in mice immunized with antigen alone, 
an inactive ISS-ODN/antigen or CT/antigcai (the latter of \idxich induced a strong Th2 
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type response). Figure 2a reflects IFNy production while Figure 2b reflects IL4 
production. 

FIGURES 3a and 3b graph data cnnfirmingtlMt mice iminnniTe dintranasally withISS-> 

ODN and antigen produce high titm of IgG2a (Thl) antibodies (3a), but low titers of 
S IgGl (Th2) antibodies (3b). This response is compared to the Th2 associated IgGl 
antibodiesproducedinmiceinmumzedwitfi antigen alone^ an inacti 
or CT/antigen. 

FIGURE 4 gr^hs data confirming ttiat mice immunizedinlranasally with ISS-ODN and 
antigen produce cytotoxic T cells (CTLs) at levels hi^er than those produced in response 
10 to cholera toxin (CT) and antigen inimunization. This response is compared to fhe low 
levels of CTLs produced in mice immunized with antigm alone or an inactive ISS-ODN 
with antigen. 

FIGURE 5 graphs data confirming that mice immunized intranasally with ISS-ODN and 
antigen do not produce detectable titers of IgE antibodies, while mice immunized 
15 intranasally with antigen and CT produce high titers of IgE antibodies. 

FIGURE 6 is a g^aph of data which confinn suppression of IL^ secretion by ISS*ODN 
as compared to a controL 

FIGURE 7 is a graph of data which confinn suppression of IL-5 secretion as a 
consequence of ISS-ODN mucosal adjuvant use^ as compared to a control. 

20 FIGURE 8 is a grq>h of data which confirm suppresaon of IL-10 secretion as a 
consequence of ISS-ODN mucosal adjuvant use» as compared to a controL 

FIGURE 9 is a grq>h of data which confirm stimulation of INF-y secretion as a 
consequence of ISS-ODN mucosal adjuvant use» as compared to a control. 
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FIGURE 10 is a gr^h of data demonstratiiig an ISS-ODN mediated shift to a Thl 
phenotype (as indicated by IFNy levels) in animals treated with ISS-ODN before antigen 
challenge (ast^skedbars) or after antigen challenge. 
FIGUKE 11 is a gr^h of data demonstratu^ an 
5 responsiveness (as indicated by increases in CD4+ lymphocyte prolifmtion) in animals 
treated widi ISS-ODN before antigm challenge (asterisked bars) or after antigen 
challenge. 
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DETAILED DESCRIFnON OF THE INVENTION 

A. EiBect of ISS-ODN Adiuvants on Mucosal Tmnitmitv 

1 . IJie Mucosal Immune System 

The piincipal port of entry for most foreign antigens into Tnammals are the mucosal 
5 tissues; Le., those of the lingual/gastric, respiratory, genital, rectal and ocular organs. 
Immune protection in the mucosa is mediated by mucosa-associated lymphoid tissue 
(MALT), epithelial cells and distinct B-cell, T-cell and accessory cell sub-populations. 
The primary immune response which characteiizes the induction of mucosal immunity 
to an antigoi is sIgA production by activated B cells. sIgA contribute to host immunity 

10 by providing protection at the mucosal surface, thus limiting the potential for systemic 
involvement by the invading antigen. Terminal difEerentiaiion of B-cells into sIgA 
producing cells is &vor6d by contact with IL*6, a cytokine produced in the Thl immune 
phmotype. The Thl immune phenotype also &vors Ae induction of cell-mediated 
immunity, including production of the antigoa specific cytotoxic T cells (CTLs) which 

15 aid in the host immune response to intracellular infections. 

Although most pathogens and other foreign antigens enter the host dm>ugh the mucosa, 
difiBculties in stimulating effective mucosal immunity have limited administration of 
most vaccine compositions to parenteral routes. However, parenteral administration of 
antigens typically does not induce local immunity; e.g., production of IgA or cell- 
20 mediated immunity within the mucosa. As such, the develo{mmt of host immunity 
following parenteral vacdnation is delayed until systemic distribution of the foreign 
antigm is acfadved. 

2. Mucosal oi^anticify oflSS-ODN 

ISS-ODN administered to dte mucosa according to tfie invention act as adjuvants and 
25 modulate the host immune rehouse to an antigen in ways which include: (1 ) stimulation 
of local production of protective sIgA (Example I and Figure 1); (2) stimulation of cell- 
mediated immunity (especially CTL production; Example IV and Figure 4); and, (3) 
biasing of the host immune response toward the Thl phenotype (Examples U, IH and 
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VII; Figures 2» 3 and 6-1 1), with little risk of IgE mediated anq)hylaxis (Exmxple 6; 
Figure 5). An understanding of these phenDmena is assisted by the following -non- 
limiting definitions: 

a. According to its art*accqyted meaning, tibie tenn *'adjuvant" refers to a 
S substance "used in combination with a specific antigen that produced more immunity 

than the antigen alone" (Ramon^ AnnJnsLPasteur, 38:1-10 (1924); recently cited with 
s^roval in O'Hagen, "Recent Advances in Vaccine Adjuvants for Systemic and Mucosal 
Administration^ J.P&im.P/uirmac 49:1-10 (1997)). 

b. An "enhanced" immune response is one produced by an adjuvant; i.e., a 
1 0 strongs immime response to an antigen than is induced by a control, generally consisting 

of the antigen administered alone. Using the ISS-ODN adjuvants of the invention, an 
enhanced immune response, as measured by antigen-spedfic secretory IgA (sIgA) 
production, can be esqpected to be at least 3 and as mucb as about 30 times the magnitude 
achievable through immunization with antigen alone, especially withrespect to localized 
IS sIgA production* Alternatively, enhancement of the inunune response by ISS-ODN of 
the invention, as measured by antigen-specific secretory IgA (sIgA) production, can be 
expected to be equivalent to or greater than (by as much as about 2 times) the magnitude 
achievable through immunization with antigen and cholera toxin adjuvant, especially 
with respect to localized sIgA production. 

20 c. ''LoGal"and*4ocalized"refertoamucosaltissueintowluchanK^ 

is introduced according to the invention, and fluid produced thorefirom. Thus, Ibr 
example, sIgAmeasured inbronchoaveolar lavage fluid following intranasal introduction 
of ISS-ODN and antigen into a host define an aspect of local mucosal imnumify induced 
in host respiratory tissue. 

25 d. "Mucosal inununity" and "mucosal inunune response" refer to ttie 

response of the mammalian inunune system within a mucosal tissue to an antigen 
introduced into that or a distant mucosal tissue, which response is characterized by, 
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without limitation^ the production of sIgA. Mucosal inmune responses may be 
accompanied by systemic immune responses. 

e. ^1 phenotype" refers to an immune phenotype mediated by the Thl 
(helper T cell) subset of CD4+ lymphocytes. Thl cells principally secrete IFNy 
S and TNFp (the latter two of which mediate maoophage activation and delayed type 
hypersmsitivity). Factors believed to &vor Thl activation resemble those induced by 
viral infection and include intracellular pathogens, exposure to IFN-p, IFNT-a, IFNy> IL- 
12 and IL*1 8 and closure to low doses of antigen. Active Th 1 (JPNy) cells enhance 
cellular immunity (including an increase in antigen-specific CTL production) and are 
1 0 therefore of particular value in responding to intracellular infections. 

£ "Tb2 phenotype" refers to an immune phenotype mediated by the Tb2 
(he^er T cell) subset of CD4H- lymphocytes. Th2 ceUs prindpally secrete IL-4 (which 
stimulates production of IgiE antibodies)^ IL-S (which stimulates granulocyte infiltration 
of tissue), ILr6 and IL- 1 0. Factors believed to favor Th2 activation inchide exposure to 
15 UM^ AFC activity on the part of B lymphocytes and high doses of antigen. Th2 cells 
enhance antibody production and are therefore of value m responding to extracellular 
infections (albeit at the risk of amphylactic events associated with IL-4 stimulated 
induction of IgE antibody production). 

g. "Th2®Thl switch" and *%iasing toward the Thl phenotype"" refer to the 
20 occurrence of any of the following events: 

(i) a reduction in levels of IL-4 measured before and after antigen-diallenge; 
or detection of lower (or even absent) levels of IL^ in atreatedhost as compared 
to an antigen-primed, or primed and challenged* control; 

(iO an increase in levels of IL*12» IL-18 and/or IFN (a, ^ or y) be&re and 
25 after antigen challenge; or detection of higher levels of IL-12» IL-18 and/or IFN 
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(a, p or y) in an ISS-ODN treated host as compared to an antigen-primed or, 

primed and challenged, control; 

(Hi) Ig62a antibody production in a treated host; or 

(iv) a reduction in levels of antigen-specific IgE as measured before and after 
S antigen challenge; or detecdon of lower (or even absent) levels of antigen-specific 

IgE in an ISS-ODN treated host as compared to an antigen-primed, or primed and 
challenged, conlioL 

Representative methods for determining each of these values are described in the 
Exanq>l6S. 

10 0i) "Core** nucleotide sequence refers to the motif of at least sbc nucleotides, 
including at least one unmethylated CpG motif, which is present in the ISS-ODN of the 
inventioiL The relative position of each CpG sequence in ISS-ODN with 
immunosdmulatory activity in certainmammalian species (e.g., rodents) is S -CG-3' (Le., 
the C is in the S' position with respect to the G in tiie 3' position). Many known ISS- 

1 S ODN flank the CpG motif with at least two purine nucleotides (e.g., GA or AA) and at 
least two pyrinudine nucleotides (S'-Purine-Purine-[CHG]-Pyrinndine-Pyrimidine<-3*). 

Remarkably, the invention succeeds in stimulating sIgA production and cell-mediated 
immunity (characterized by production of CTLs) at a magnitude comparable to that 
achieved througji use of cholera toxin as a mucosal adjuvant (Example I and Figure 1). 

20 However, the invention achieves these hallmarks of mucosal immunity with little risk of 
the toxicity which so limits the clinical use of diolera toxin and other adjuvants in 
vaccine prq)araJiQns (Example VI and Figure S; also, the administration of 
phosphorofliioate oligodeoxynucleotides to primates and, in clinical trial settings, to 
humans has produced no significant toxicity, even when admsmstered at daily Aosgs of 

25 up to S fold more per kilogram than those which may be used in the invention). 

In addition, mucosal immunity induced in the invention is accompanied by a systemic 
immune response having a Thlphenotype (see, re the Thl environment in the mucosa: 

9 
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Examples Il-ni and Figures 2-3 ; and, re the systemic Thl phenotype of the host immune 
response generally: Example VII and Figures 6-1 1). Although the invention is not 
limited to any particular mechanism of action, it is conceivahle that ISS-ODN facilitate 
iq>take of exogenous antigen hy antigen presenting cells for presentation fluough host 
5 MHC Class I processing pathways. Whatev^fhemechanism of action, use oflSS-ODN 
to boost the ho8t*s immune responsiveness to an antigen and shift the immune response 
toward a Thl phenotype allows the host to be immunized at less risk of Th2 type 
inflammaticm and IgE associated anaphylactic risks (sei^ e.g.. Example VI and Figure 5). 

B. ISS-ODN Compositions 
10 1. ISS-ODN Structure 

Structurally, ISS-ODN are non-coding oligonucteotides having six or more nucleotides 
that may include at least one unmethylated CpG motif. The relative position of each 
CpG sequence in ISS-ODN with immunostimulatoiy activity in certain mflmn ia^i im 
species (e.g., rodents) is S*-C&3' the C is m the 5' position with respect to the G in 
15 the 3' position). Many known ISS-ODN flank the CpG motif with at least two purine 
nucleotides (e.g., GA or AA) and at least two pyximidine nucleotides (5*-Puxine-Purine* 
[C>[G]-Pyrimidine-Pyiimidine-3'). CpG motif-containing ISS-ODN are believed to 
stimulates lymphocyte proliferationfege,e.gMlM 



The core hexamer structure of the foregoing ISS-ODN may be flanked upstream and/or 
20 downstreambyanynumberorcomposittoQofnucleotidesQrnucleosides. However,ISS- 
ODN are at least 6 mer in lengtti, and preferably are between 6 and 200 mer in lengtii, 
to enhance uptake of the ISS-ODN into target tissues. Those of ordinary skill in tiie art 
will be fimiliar with, or can readily identify, r^orted nucleotide sequences of known 
ISS-ODN. For ease of reference in this regard, the following sources are especially 
25 helpfiil: 

Yamamoto, et aL, MiembhUmimmol, 36:983 (1992) 
Ballas, a aL. JJmmunoL, 157:1840 (1996) 

10 
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Klinman, etaL, JJmmmol, 158:3635 (1997) 

Sato, et aL, Science, 273:352 (1996) 
Each of these articles are incorporated herein by referrace for the purpose of illustratix^ 
the level of knowledge in the art conconing the nucleotide composition of ISS-ODK 

5 IXL particiilar, ISS-ODN usefiil in the invention include those which have the following 
hexameric nucleotide sequences: 

1 . ISS*ODN havipg "CpG" dinucleotides; and, 

2. Inosine and/or uracil substitutions for nucleotides in the fore^ing 
h^camer sequences for use as RNA ISS-ODK. 

1 0 For example, DNA based ISS-ODN useful in the invoition include those which have the 
following hexameric nucleotide sequences: 

AACGTT. AGCGTC, GACGTT, GGCGTT, AACGTC, AGCGTQ GACGTC, 
GGCGTC, AACGCC. AGCGCC. GACGCC,GGCGCC, AGCGCT, GACGCT, 
GGCGCT, TTCGAA, GGCGTT and AACGCC (respectively, SEQ mNos. 1- 
15 18). 

ISS-ODN may be single-stranded or double-sttanded DNA, sii^e or double-stranded 
RNA and/or oligonucleosides. The ISS-ODN may or may not include palindromic 
regions. Ifpresent, a palindrome nmy extend only to a CpGmoti£ if present, in the 
hfixamer sequence, or msy encompass more of the hexamer sequence as well as fiAnVing 
20 nucleotide sequences. 

The nucleotide bases of the ISS-ODN which flank the CpG motif of the core hexamor 
and/ormake up the flanldiig nucleotide sequoicesmay be any knownnaturally occurring 
bases or synthetic non-natural bases (e.g., TCAG or, in RNA, UACGI). 
Oligonucleosides may be incorporated into the internal region and/or tennini of the ISS- 
25 ODN using conventional techniques for use as attachment points for other compounds 
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(e.g.»peptide5). Thebase(sX sagarmoiety, phosphate groups and tamini of thelSS-ODN 
may also be modified in any manner known to those of ordinaiy skill in the art to 
construct an ISS-ODN having properties desired in addition to the described activity of 
the ISS-ODN. For example, sugar moieties may be attached to nucleotide bases of ISS- 
5 ODN in any steric configuration. 
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In addition, bacUxme phosphate group modifications (e.g., mettiylphosphonate, 
phosphorotfaioate, phosphoroamidate and phosphoiodithioate intemucleotide linkages) 
can confer anti-microbial activity on the ISS-ODN and rahance their stability in vrv£>. 



making them particularly useful in ihenq)eutic aiq)lications. A particularly usefiil 
phosphate groi^ modification is the conversion to the phosphorotfaioate or 
phosphorodithioate forms of the ISS-ODN oligonucleotides. In addition to flidr 
potentially anti-microbial properties, phoq)horothioates and phosphorodithioate are 



more resistant to degradation in vivo than their uomodified oligonu^ 
making the ISS-ODN of the invention more available to the host 





•Hi! 


mi 
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13 2. Synthesis of, and Screening for, ISS-ODN 

ISS>ODN can be synthesized osing techniques and nucleic acid synthesis equipment 
which are well-known in the art. For reference in tfais regard, ^ e.g., Ausubel, aL, 
Current Protocols m Molecular Biology, Chs. 2 and 4 (Wiley laterscieoce. 1989); 
Mamads, er ai. Molecular Oontng: A Laboratory Manual (Cold Spring Harbor Lab., 

20 New York, 1982); U^. Patent No. 4,458,066 and U.S. Patent No. 4,650,675. These 
references are incoipoFHted herein by referoce for the sole puipose of demonstrating 
knowledge in the art concerning production of syn&etic oligonucleotides. Because the 
ISS-ODN is non-coding, there is no concern «hnnt wainfamwig ^y^n miiting frame 
during synthesis. 



25 Alternatively, ISS<»DN or ISS enriched DNAnaqr be isolated fiomim(»}bialq)ed^ 
(especially nqrcobactena) using techniques well-known intibe art, such as nuddc acid 
purification or hybridization. Preferably, snch isokted ISS-ODN will be purified to a 
substantially pme state; ie.. to be free of endogenous contaminants, such as 
%opobr8acdiarid6s. ISS-ODN isolated aspartof alarger polynucleotide canbereduced 
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to the desired length by techoiqaes well known in the art, such as by endonuclease 
digestion. Those of ordinary skill in the art will be familiar with, or canreadily ascertain, 
techniques suitable for isolation, purification and digestion of polynucleotides to obtain 
ISS-ODN of potential use in the invention. 

5 Confirmation fiiat a particular oligonucleotide has the properties of an ISS-ODN useful 
in the mvention can be obtained by evaluating whether the ISS-ODN afBscts cytokine 
secretion and IgG antibody isotype production as described in Section A2(e)» above. 
Details of in vitro techniques useful in making such an evaluation are given in the 
Exanq>l6S; those of ordinaiy skill in the art will also know of^ or can readily ascertain, 
10 other methods for measuring cytokine secretion and antibody productbn along the 
parameters taught herein. 

For use in the methods of the inveation, the ISS-ODN adjuvants of the invention will 
take the form of free ISS-ODN oligonucleotides, ISS-ODN oligonucleotide-pq)tide 
conjugates and ISS-containing recombinant expression vectors (data regarding the 

IS activity of ISS-^ODN conjugates and ISS-ODN vectors are set forth in co-pending, 
commonly assigued U.S. patent i^lications Soial Nos. 60/028,1 1 8 and 08/593,554; data 
fixTm which is incorporated herein by reference to demonstrate ISS-ODN 
immunostimulatory activity in vivo). In a vaccine composition, antigen may be co- 
delivered {separately or in an admixture with fiiee oligonucleotides)^ expressed 

20 reccmbinantly fiom a plasmid (especially one containing the ISS-ODN moiety in the 
backbone) or, most efBcaciously, the antigen is conjugated to the ISS-ODN. 

Exanq)le$ of otiier useful conjugate partners include any inanunogenic antigeQ (mcludmg 
allergens, live and attenuated viral parlides andtum(Mrantigens), taxgetingpq)tides (sudi 
as receptor ligands, antibodies and antibody fiagments, hormones and enz^es), non- 
25 peptidic antigens (coiqiled via a pqitide linkage, such as lipids, polysaccharides, 
glycoproteins^ gangliosid^ and the like) ami Qrtokines (including interieuktns, 
interfoons, erythropoietin, tumor necrosis fiv:tor and colony stimulating &ctors). Such 
conjugate partners can be prq>ared according to conventional techniques (e.g., pqptide 
synthesis) and many are coomiercially available. 

13 
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Those of ordinary skill in the art will also be ^miliar with, or can readily determine, 
methods useful in preparing oligonucleotide-peptide conjugates. Conjugation can be 
accomplished at either temiini of the ISS*ODN or at a suitably modified base in an 
internal position (e.g., a cytosine or uracil). For reference, m^ods for conjugating 
5 oligonucleotides to proteins and to oligosaccharide moieties of Ig are known (see. e.g., 
0*Shannessy, et oL, J^Apptted Biochem., 7:347 (1985), the disclosure of which is 
incozporated herein by reference solely to illustrate the standard level of knowledge in 
the art conconing oligonucleotide conjugation). Another useful reference is Kesslen 
'T^omadioactivel^liDgMelhodsfo]^^ 
10 Probe Techniques (AcadJ^ress, 1992)). 

Briefly, examples of known, suitable conjugation methods include: conjugation through 
3' attachment via solid support chemistry (sge, e.g., Handambidis, et al, NiiaAcids Res. , 
18:493 (1990) and Haralambidis, et aL, NucAdds Res., 18:501 (1990) [solid support 
synthesisof peptidepartner]; Zuckmnann, etal. NucAcidsRes., 15:5305 (1987), Corey, 

15 et al.. Science, 238:1401 (1987) and Nelson, et al, Nuc Acids Res., 17:1781 (1989) 
[solid support ^thesis of oligonucleotide partner]). Amino-anoino group linkages may 
be performed as described in Benoit, et al., Neuromethods, 6:43 (1987), while thiol- 
cazboxyl gmxp linkages may be performed as described in Sinah, et al.. Oligonucleotide 
Analogues:A Practical Approach (IRL Press, 1991). la these latter methods, Ae 

20 oligonucleotide partner is synthesized on a solid support and a linking gjcovp compiisii^ 
a protected amine, thiol or carboxyl group opposite a phosphoramidite is covalentfy 
attached to the 5*-hydn)xyl (ses e.g., U.S. Patent Nos. 4,849,513; 5,015,733; 5,1 1 8,800 
and 5,118,802). 

Linkage of the oligonucleotide partner to a pq>lide may also be made via incorparation 
25 of a linkar ami (e-g., amine or carboxyl group) to a modified cytosine or uracil base (see, 
e.g., Ruth, 4th Annual Congress for Recombinant DNA Research at 123). A£Bnity 
Unkages (e.g., biotin-streptavidin) may also be used (sga e.g., Roget, et al., NucAdds 
Res., 17:7643 (1989)). 
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MedhLods for linking oligonacleotides to lipids are also known and include synthesis of 
oligo-phospholipid conjugates (gee, eg., Yanagawa, et uL, Nuc. Acids Symp.Ser. , 1 9: 1 89 
(1988)), synthesis of oUgo-&tty adds conjugates (see, e.g., Grabaidi; et al., 
AmdMochenu^ 185:131 (1990)) and oligo-sterol conjugates fsee. e.g., Boujiad^ et al, 
5 ProcNatiJlcadSci USA, 90:5728 (1993)). 

Bach of the foregoing references is incoxporated herein by reference for die sole purpose 
of illustrating the level of knowledge and skill in the act with respect to oligonucleotide 
conjugation methods. 

Co-administration of a pq>tid6 drug witii an ISS-ODN according to the invention may 
10 also be achieved by incorporating the ISS-ODN in £u or in trans into a recombinant 
»qn:ession vector (plasmid, cosmid, virus or retrovirus) which codes for any 
therapeutically beneficial protein deUverable by a recombinant expression vector. If 
incorporation of anISS-ODN into an esqxression vector &r use inpracticing the invention 
is desired, suchincorporation may be accomplished using conventional techniques which 
15 do not require detailed explanation to one of ordinary skill m the art For review, 
however, those of ordinary skill may wish to consult Ausubel, Current Protocols in 
Molecular Biology, supra. 

Briefly, construction of recombinant expression vectors (including those which do not 
code for any protein and are used as caniers for ISS-ODN) employs standard ligation 

20 techniques. For analysis to confirm correct sequences in vectors constmcted, the li^ition 
mixtures may be used to transfinrm a host cell and successful transfbimants selected by 
antibiotic resistance where appropriate. Vectors firom the transfimnants are pr^ared, 
analyzed by restdction and/or sequenced by, for example, the method of Messing, et al., 
Q^udeicAddsRes.^^309^ 1981),fhemethodofMaxam,e/ii/., (MethodsinEnzymology, 

25 i^:499, 1980), or other suitable mediodswhidhwiU be known to those skiUed in 

Si2» sq)aration of cleaved fi[agm6ntsispafi>rmedusmgconventiQn^ ^electrophoresis 
as desoibed, for example, by Maniatis, a al, Qdolecuhr Cloning^ pp. 133-134, 1982). 
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Host cells may be transfbimed with expiessiaii vectois and cultured in conventional 
nutcientmediamodifiedas is appropriate for inducingproxnoters, selecting tiansfonnants 
or amplifying genes. The culture conditions, such as temperature, pH and the like^ are 
those previously used with the host cell sdected for expression, and will be parent to 
5 the ordinarily skilled artisan. 

If a recombinant e}qiression vector is utilized as a carrier for the ISS-ODN of the 
invention, plasmids and cosmids are particulariy preferred for their lack of pathogenicity. 
However, plasmids and cosmids are subject to degradation in vivo more quickly than 
viruses. Altematively, vital vectors that can be utilized in the invention include 
10 adenovirus, adeno-assodated virus, herpes virus^ vaccinia or an KNA virus such as a 
retrovirus. Of the viral vector alternatives^ adeno-associated viruses would possess the 
advantage of low pathogenici^ The relatively low capacity of adeno-associated viruses 
for insertion of foreign gmes would pose no problCTi in this context due to the relatively 
small size in which ISS-ODN of (be invention can be synthesized. 

15 If modification of the phosphate group of an ISS-ODN is desired (e.g., to increase its 
bioavailability), the techniques for making pho^hate group modifications to 
oligonucleotides are known in the art and do not require detailed explanation. For review 
of one such useful technique, the intermediate phosphate triester for the target 
oligonucleotide product is prqpared and oxidized to the naturally occumng pho^hate 

20 triester with aqueous iodine or with oflier agents, such as anhydrous amines. The 
resulting oUgonucleotide phoqihoramidates can be treated with sulfiir to yield 
phophorofluoates. The same general technique (exceptiiig the sulfur treatmrat step) can 
beappUedtoyieldmethy^hoqphoamiditesfipomme&ylphosphanates. For more drtails 
concerning pho^hate group modification techniques, those of ordinary sk ill in the art 

25 may wish to consult U.S. Patent Nos. 4,425,732; 4,458,066; 5,218,103 and 5,453,496, 
as well as Tetrahedron Lett, at 21:4149 (1995), 7:5575 (1986), 25:1437 (1984) and 
Journal Am.ChemSoc.t 93:6657 (1987), the disclosures of which are incoxporated herein 
for the sole purpose of illustratipg the standard level of knowledge in the art concerning 
preparation of these compounds. 
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C. Methods for Stimulating Mucosal Tnm^iinitY Tbrougfa Use 
of the ISS^ODN Adjuvants of fee Invention 

L Methods and J^utes for Administration oflSS^DNto a Host 
ThelSS-ODN of the invention are administered to ahost using any available method and 
S route suitable for drug delivery^ including ex vivo methods (e«g., deliv^ of cells 
incubated or trans&cted with an ISS-0D>1). Those of ordinaiy skill in the clinical arts 
wiU be £miiliarmth» or can readily ascertain* means for drug deliv A 
useful reference in tfaisregardis Cbiea^Novel Drug Delivery Systmns^ Chapters 3 through 
6 and 9 (Marcel Dddtn^, 1992)» v^ch chapters are incoiporaled herein. For review, 
10 however, exemplary methods and routes of drug delivery useful in the invention axe 
briefly discussed below. 

Intranasal administration means are particularly useful in addressing respiratory 
inflammation, particularly inflammation mediated by antigens transmitted fiom the nasal 
passages into the trachea or bronchioli. Such means include inhalation of aerosol 
IS suspensions or insufilation of the adjuvant compositions of the inventioxL Nebulizer 
devices suitable for deltveiy of pharmaceutical compositions to Ifae nasalmucosa, trachea 
and bronchioli are well-known in the art and will therefisre not be described in detail here. 

For rectal and vaginal delivery, siqspositoiy formulations andpolymeric delivery devices 
are useful (see, e.gv the devices described in Chien, etoL, J.PhamLScL , 64: 1 776 (197S)). 
20 Materials and stmctures utilized for the delivery of contraceptive drugs to vaginal tissues 
(e.g., contraceptive vi^jnal rings used for deUvoy of progesterone) may also be utilized 
in the invention. 

* 

Pharmaceutical polymers with mucoadhesive properties are also effective means of 
25 delivering drugs to the mucosae. Examples of such polymers include 
carbo3QmietiiylceUuIose, carbopol, polycaibophil, tragacanlh and sodium alginate. 
Encapsulation of an adjuvant composition of the invention within a mucoadhesive 
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polymer is an especially useful method for delivery of the composition to the gastric 
mucosa. 

Topical administration directly to mucosal tissues is convenient and may be achieved 
using simple adjuvant solutions or creme preparations. Absoiption promoters, such as 
S sodium glycochoiate, may be used to enhance intake of the adjuvant preparation. 

Ophthalmic administration (e.g., for treatment of allergic conjunctivitis) involves 
invasive or topical qyplication of a phaimacentical preparation to the eye. Eye drops, 
topical ciemes and injectable liquids are all exaxxqples of suitable mileaus fiir delivering 
10 drugs to the eye. 

A colloidal (fispersion system may be used for targeted detiveiy of the ISS-ODN to 
mucosae. CoUoidaldiqiezsionsystenis include maaomoleculeconq;)lexes»nanocap 
miocospberes, beads, andlipid4>ased systems including oil*in-water omilsions, micelles, 
mixed micelles, and liposomes; however, in using hpid-based formulations, the lipid 
15 Character of mucosae, which may be inconqpatible with lipid-based phamaceutical 
deliveiy, must be taken into account 

2. Dosing Parameters for ISS-ODN Adjuvants 
A particular advantage of the ISS-ODN of the invention is their capacity to exert an 
adjuvant effect even at relatively minute dosages. Although the dosage used will vary 
20 dep^ding on the clinical goals to be achieved, a suitable dosage range is one which 
provides iq> to about 1-1000 fig of ISSODN/ml of canier in a single dosage. In view 
of the teaching provided by flus disclosure, those of oixlinary s^ 
be familiar wifli, or can readily ascertain, suitable parameters for administration of ISS- 
ODN according to fhe invention. 

25 Clinically, it may be advisable to administer the ISS-ODN in a low dosage (e.g., about 
1 fig/ml to about 50 ^gAnl), flicai increase the dosage as needed to achieve flie demed 
fberapeutic gpaL Based on cmrent studies, ISS-ODN are believed to have little or no 
toxicity at these dosage levels. 
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3. Phannaceutical Compositions of ESS^DN 
If to be delivered wittiout use of a vector or other delivery system, ISSODN will be 
prepared m a phamiaceiitically acceptable compositioiL Phannaceutically acceptable 
cairiersprefmedforiise with the ISS-ODN of the invention may include sterile aqueous 
5 of non-aqueous solutions, suspensions, and emulsions. Kuunples of non-aqueous 
solvents are propylene glycol, polye&ylene glycol, vegetable oib sudi as olive oil, and 
injectable oiganic esters such as ethyl oleate. Aqueous caniera include water, alcoholic/ 
aqueous solutions, emulsions or suspensions, including saline and buffered media. 
Parenteral vehicles include sodium chloride solution. Ringer's dmtrose, dextrose and 

1 0 sodium chloride, lactated Ring^s or fixed oils. Intravenous vehicles include fluid and 
nutrient rq)lenishers, electrolyte repleni shers (such as those based on Ringer's dextrose), 
and the Ukc. Preservatives and other additives may also be present such as, for example, 
antimicrobials, antioxidants, chelating agents, and inert gases and the like. A 
composition of ISSODN may also be lyophilized using means well known in the art, for 

15 subsequent reconstitution and use according to the invention. 

Absorption promoters, detergents and chemical irritants (e.g., keritinolytic agents) can 
enhance transmission of an ISS-ODN composition into a target tissue. For reference 
concerning generalprinciples regarding absorptionpromoters and detergents \iduchhave 
been used with success in mucosal delivery of organic and peptide-based drugs, see 
20 Chien, Novel Drug Delivery Systems, Ch. 4 OVfarcel Dddcer, 1992). 

Exanq)les of suitable nasal absorptionpromoters inpaxticular areset fiirth at C3iien, stq^a 
at Ch. S, Tables 2 and 3; milder agents are preferred. Suitable agents for use in the 
method of this invention for muoosal/nasal defivery are also d^cribed in Chang, et al„ 
Nasal Drug Delivery^ Treatise on Controlled Drug Delivery", Ch. 9 and Table 3-4B 

25 thereof (Marcel Dddcer, 1992). Suitable agents which are known to eohance absorption 
of drugs flnoufifa skin are described in Sloan. Use of Sohibilitv Pa nmetera fitim Rep ilar 
Solution Theory to Describe Parritioning-Driven Processes, Ch. 5, "Prodrugs: Topical 
and Ocular Drug Delivery" ^iarcel Dekker, 1992), and at places elsewhere in the text 
All of tiiese references arc incorporated herran for tiie sole purpose of illustrating tiie 

30 level of knowledge and skill in the art concenung drug delivery techniques. 
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Kits for Use in Practicing the Methotk of the Tnventinn 

For use in the methods described above, kits are also provided by the invention- Such 
kits may include any or aU of the following: ISS-ODN (conjugated or unconjugated); a 
phannaceutically acceptable carrier (may be pre-mixed with the ISS-ODN) or su^msion 
5 base for reconstitttting lyophilized ISS-ODN; additional medicaments, which may 
include a conventional vaccine preparation for co-administration with an ISS-ODN 
adjuvant; a sterile vial for each ISS-ODN and additional medicament, or a single vial for 
mbctures thereof device(s) foruseinddiveringlSS-ODN to ahost; or assay reagents for 
detecting indicia that tihe immnnostimulatory effects sought have been achieved in treated 
10 animals and a suitable assay device. 

Examples ilhistrating the practice of the invention are set forth below. Data cvidmdng 
systemic rehouses to ISS-ODN are included for the purpose of confinnii^g the gmeral 
effect of ISS-ODN on the mammalian immune system and, to that extent, appty to the 
mucosal environment. The examples are for puiposesofreferaice only and should not 
15 be construed to limit the invention, which is defined by the appoided claims. M 
abbreviations and t«ms used in the examples have thdr expected and ordinary meaning 
unless otherwise q>ecified. 
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EXAMPLE I 
THE ISS-ODN OF THE INVENTION 
ARE EFFECTIVE ADJUVANTS FOR STIMULATION 
OF ANnGEN-SPECTIC IgA PRODUCTION 

5 To demonstrate the efScacy of ISS-ODN in stimulation of IgA production to antigen, the 
mucosal IgA responses of mice immunized intranasally with P-galactosidase (fi-gal) in 
the presence of either ISS-ODN or cholera toxin (CT; the most potent known mucosal 
adjuvant) were compared Mice were separately immunized intranasaUy with antigm 
alone or with an ISS-ODN modified to eliminate its immunostimulatoiy ability (M-ISS- 

10 ODN; CpG dinucleotide motif in DYI018 substituted with a immunosiq>pressive GpG 
motif). The ISS-ODN used in these studies has the following sequence: 5- 
TGACTGT GAACGTTCGA GATGA-3. The M-ODN has the sequence: S- 
TGACTGTGMCCTAqAGATGA-3, 

To this end, female BALB/c mice aged 6-8 weeks purchased fiom Jackson 
IS I^oratoty (Mar Harbor, ME) and used in all G3g)eriments. Intranasal immunizations 
were perfomied with fi-gal (SO^g) alone» mixed with or conjugated to SOjAg of ISS-ODN 
or M-ODN, or with CT (lO^g) in 30^1 of saline. Alternatively, mice received fi-gal 
(200^g) plus ISS-ODN (SOfig) in SO|il of saline injected i.d. into the base of the tail» or 
6-gal (200|ig) plus ISS-ODN (SO^g) administered intxagastcically (ig.) By blunted 
20 needle in 400}xl of 0.2M Na bicaifoonate. Mice were £isted for 4 hours before i.g. 
immunization. Bnm(^oav6olarlavagefluid(BALF)wa$obtainedbycannulalionofthe 
trachea of sacrificed mice. The lungs were flushed with 0.8ml of PBS and the return 
fit>zen at -70^C until IgA assay. Feces and vaginal swabs wm coUected at 2 week 
int^als. 

25 Serum, BALF» and fecal extraction fluid were used in ELISA assays for antigen specific 
immunoglobulin. Results shown in Figure 1 are ^qsressed in units/ml based on pooled 
high titer anti-0-gal standards. The undiluted fecal IgA and IgG standards were given 
arbitrary concentrations of 2,000 and 400,000 U/ml respectively. Samples were 
compared to the standard curve on each plate using the DeltaSOFT II v. 3.66 program 
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(Biometallics, Princeton, NJ). Statistical analysis of results was conducted using 
StatWew computer software (Abacus Concepts, Grand Rapids, MI). A 2 tailed Student's 

t test was used to establish p values and those £ O.OS were considered significant 

Referring to Figure 1 (a) and 1(b), at 7 wedcs post-inununizadon, mice immunized with 
5 antigen alone or with M-ISS-ODN had litde or no detectable levels of IgA in feces, 
bnmchioalveolar lavage fluid (B ALF) cn: vaginal swab sanqiles. Mice immunized with 
fi-gal/CT had a mean IgA level in fecal matenal of 599 U/ml, in (BALF) of 1432 U/ml 
and in vaginal swabs of 16000U/mL Smprisingly, IgA levels achieved in the ^gal/ISS- 
ODN conjugate immunized mice were conqparable to the levels achieved in mice 

1 0 i m munized widi antigen and CT (without statistically significant difference); i.e., 462 
U/ml in feces»29S5U^ll inBALF and 12500 U/ml in vaginal swabs (co-dehveiy of ISS- 
ODN with antigen induced slightly lower levels of IgA production fiian did delivery of 
the ISS-ODN/antigen conjugate). The adjuvanticity necessaiy to achieve a mucosal 
unmune response to antigen was therefore achieved as well by ISS-ODN as by the 

1 S conventional, and mate toxic, cholera toxin adjuvant 

To determine Pettier tiie adjuvanticity of ISS-ODN in mucosa was a consequence of 
mucosal administration, another group of mice were immunized intradeimally with fi-gal 
and ISS-ODN via intrademial (i.d.) and intragastric (i.g.) routes. These routes of 
immunization did not lead to mucosal IgA production. To establish whether the IgA 

20 detected in fecal material and BALF of immunized mice was actively secreted by 
mucosal tissue or passively dififiised fiom serum, antt-fi-gal Igk levels in scram, &cal 
material, and BALF were also compared. Serum XgA levels in Ul B-gal/IS&ODN 
immunized mice were 2 fold lower than in fecal material and 10 fold lower than m 
BALF, providing stawig evidence that anti-B-gal IgA was m fact secreted by mucosal 

25 tissue (Figure 1 (a))* 

These results demonstrate that ISS-ODN and CT have equivalent mucosal adjuvant 
activity wilha test antigen whichhas no capacity to induce mucosal IgAproductionwhm 
delivered alone. la addition, we show that Ld. delivery offl-gal with ISS-ODN does not 



22 



WOOQ/20039 



PCTAJS99/21203 



lead to a mucosal IgA response. Taken together Ihese findings show that ISS-ODN is an 
excellmt adjuvant for the inducdonof mucosal inmiunity when co*delivered with antigen 
via the mucosa (here» the nose). 

EXAMPLEH 

5 THE ISS-ODN OF THE INVENTION 

ARE EFFECTIVE ADJUVANTS FOR STIMULATLON 
OF A Thl BIASED SYSTEMIC IMMUNE RESPONSE 

The magnitude and phenotype of (he systemic immune response induced by mucosal 
(intranasal; i.n.) administration of an antigen (B-gal) with an ISS-ODN adjuvant was 

10 studied. For comparison, the same immmie response was studied in mice who received 
p-gal and ISS-ODK by the intxadermal (i.d.) route. Mice were sq)arately immunized 
intranasally with antigen alone or with an ISS-ODN modified to eliminate its 
inununosttmulatoxy ability (M-ISS-ODN; CpGdinudeotidemotif inDYlOlS substituted 
witii a immunosuppressive GpG motif). The ISS-ODN used in these studies has the 

IS foMowing sequence: S-TGACTGT GAACGTTCQA GATGA-3. The M-ODN has ttie 
sequence: S>TGACTGT GAACCTTAGA GATGA-3. 

To this end, splenocytes were harvested fiom the P-gal/ISS-ODN immunized mice 
described in the preceding example 7 weeks after immunization, incubated with 0-gal, 
and culture supematants assayed for the production of IFNy and 11^4, cytokines 

20 classically associated witti Th, and Th2 immunity. Splenocyte ^tokine profiles were 
conducted by incubation of 5 X 10^ splenopytes in 96 well plates in a final volume of 
200fil of supplemented RFMI 1640 with fi-gal added at 10^g/!ml at 37''C/5% CO,. 
Culture si9)eniatant5 were harvested at 72 hours and analyzed by ELISA. Astandaid 
curve was generated using known amounts of recombinant IL-4 (Genzyme, Cambridge* 

25 MA) and IFNy (Pharmingen, San Diego, CA). Each culture supernatant was conqpared 
to the standani curve on tiie plate using the DeltaSOFT n v. 3.66 prograniL Statistical 
analyse were performed as described in the preceding example. 

Refening to Figure 2, q>lenocytes fiom mice inamunized witii fi-gal and ISS-ODN via 
the i jL and i.d routes respectively produced a mean of 2084 and 1 720 pg^ of fibe Thl 
30 cytoldne IFNy» but none of the Th2 stimulatory cytokine IL4. Thus» mice immunized 
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with ISS-ODN adjuvant by either a mucosal (in.) or systemic (i.d.) route responded to 
the antigen in a Thl biased manner. 

In contxast i.n. vaccination with B-gal and CT led to qilenocytes that produced a mean 
of 542 pg/ml of IFNy and 73 pg/ml of Ilr4 = 0.05 for botti IFNy and IL4 compared 
5 to i.n. B-gal/ISS-ODN immunization; Figure 2). Intranasal immunization with fl-gal 
alone or with M-ODN led to poor or undetectable antigen-specific cytokine production 
fi^om spleoocytes. Thus, immunization with conventional or no adjuvant favored more 
of a 1112 ^e immune response, if any response at all, to the antigen. 

EXAMPLBm 

1 0 MUCOSAL IMMUNIZATION ACCORDING TO THE INVENTION 

PRODUCES A Thl TYPE IgG ISOTYPE PROFILE 

IFNy is an IgG isotype switch &ctor for IgG2a production (associated with a Thl 
immune phenotype), while UM is a switch &ctor for IgGl production (associated with 
a Tb2 immune phmotype). Consistent with the cytokine profiles induced following 
1 5 mucosal antigen immunization with ISS-ODN adjuvant according to ttie invention, mice 
'^n ^ 'niy ^ mtranasally with B^gal/ISS-ODN immunized mice produced Th, biased 
senma antibody responses. However, mice immunized while iji. B-gal/CT vaccination 
led to a Tb2 biased IgG subclass profile. 

Specifically, at 7 weeks post intranasal immunization of mice with B-gal/ISS-ODN mean 
20 serum anti-B-gal IgG2a leveta were 306,144 and 362,850 U/ml (Figure 3(a)> and anti-B- 
gallgGl levclswere5,971and3,676U/mlrespectively(Figorc3(b)). These di£feience8 
were not statistically significant In contrast, intranasal immunization with fi-gal and CTT 
induced mean serum IgG2a and IgQl levels of 94,518 and 36.471 U/ml 0.005 for 
IgG2a and 0.004 for IgGl compared to i jl B-gal/ISS-ODN immunization). Again, i 
25 immunization with B-gal alone or with M-ODN led to poor or undetectable IgG 
responses. 



24 



WOOQ/20039 



PCr/U^9/21203 



Taken togeOier these observations show fbat i.n. and i.cL delivery of antigea with ISS- 
ODN lead to Th, biased cytokine and antibody profiles while isL iB-gal/CT co- 
administration leads to a Th2 biased systraic immune response. Considered in 
conjimctipn with the IgAdatapreviouslypresented, it is clear that mucosal immmuzation 
5 with antigw and ISS-ODN beneficially biases the systemic immune response toward a 
Thl response in addition to stimulating production of IgA. 

EXAMPLE IV 

MUCOSAL IMMUNIZATION ACCORDING TO THE INVENHON 
STIMULATES CtTOTOXIC T CELL PRODUCHON 

10 CTL responses are characteristic of Th, biased immunity. However, not all Th | biased 
immune responses include the developmmt of cytotoxic T cells and immunization with 
protdn alone does not lead to flie development of CTL activity. 

For CTL assays, 7x10^ splenocytes fixm immunized mice were incubated with 6X10^ 
mitomycin-^! treated naive splenocytes in the presence of recombinant human IL-2 and 
IS class 1 112"^ restricted B-gal nanopqitide pqptide (T-P-H-P-A-R-I-G^L). After 5 days, 
restimulated cells were harvested and specific lysis of target cells measured 

As can bo seoi in Figure 4, mice immunized with fi-gal and ISS-ODN by the intranasal 
route had vigorous splem'c CTL activity (in addition to IgA production). In particular, 
at an £:T ratio of 5:1, intranasal co-d^very of fi-gal/ISS^DN led to 52% specific lysis 
20 of target cells. However, iji. fi-gal/CT immunization resulted in only 3% specific lysis 
at tihe same £:T ratio 0=^ 0.005 compared to immunization with fi-gal/ISSODN). 
Likewise, Ln. immunization widi^gal aloneorwith M-ODNled topoor or undetectable 
CTL resfponses* 

These results show that fi-gal/ISS-ODN co-immunization tiut)ugh mucosa leads to robust 
25 CTL responses, while mucosal immunization in the presence of CT adjuvant does not. 
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EXAMPLEV 

LACK OF TOXICITY ON THE PART OF ISS-ODN 

The following passages are quotations fiom the paper Webb» et al. Lancet^ 349:1 137 
(1997). The Webb, al stady reported the results of a clinical trial use of an 
oligonucljcotide having a CpG motif therein in anlismse cancer tfaer^y . The toxicity 
study results are directly predictive of tiie probable toxicity (lack thereof) of the ISS- 
ODN adjuvants of the inventioa 

"Eligible patimts were men or women who had non-Hodgjkin lymphoma of any 
histological gtade with immunohistochemical evidence of overexpression of the 
BCL-2 protdn on lymph-node biopsy samples. In addition, patients had to have 
relapsing disease after the completion of at least two chemotherapy regimens, a 
life expectancy of more tiian 12 weeks, normal renal and liver function, a 
white*blood«ceIl count of more than 3 109/L, and a platelet count of more than 
100 109/L. 

A daily dose of an 1 8-base, fully phosphorothioated oligonucleotide (sequence 
5'-TCTCCCAGCGTGCGCCAT-3, dissolved in isotonic normal saline) was 
administered as a subcutaneous continuous infusion with a portable syringe 
driver. This oligonucleotide was complementary to the first six codons of mBN A 
of the BCL-2 gene. Infusion sites were changed when we observed early signs of 
inflammation. Treatment-related toxicity was scored by tiie common toxicity 
criteria;...we included ar^ of concern pinpointed in animal and in-vitro 
5tudies...Toxicity was mcnitared for the first 48 h of treatment while the patients 
were in hospital, but thereafter on an outpatimt basis. One 2-W6dc course of 
treatment was given. Patients were followed up for 4 wedcs after the end of 
treatment If there was evidence of tumour response, a second course was 
considered. The initial daily dose was 4x6 mg/m2, which was equivalent to one 
tmih of tile dose that would kill 10% of mice (LDIO). This dose was then 
increased by 1 00%^ unless grade 2 or higjier toxicity was observed according to 
die European Organization for Research and Treatment of Cancer CEiteria.9 We 
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defined the maximuni tolerated dose as that which caused grade 3 or 4 toxicity 
in at least 50% of patients. 

Sanq)les of blood, bone manow» and fine-needle aspirates of lyniph nodes were 
collected at weeks 0 (start of treatment), 2, and 6. Monomiclear cells, fieshly 
separated by FicoU-Isopaque centiifiigation, were suspended in 10% dimethyl 
sulphoxide and stored in liquid nitrogen. At the time of analysis, ttie samples 
were fixed in 70% ^hanol, incubated with an antibody to the BCLr2 protein 
(DAKO, clone 124) followed fay further incubation with anti-immunoglobulin G 
labelled with fluorescein isothiocyanate. Levels ofBCL-2 protein were measured 
by flow cytometry of gated lymphocytes. "Vi^thin this population of cells, those 
positive and negative for BCX-2 were identified. The mean (SD) levels ofBCL-2 
protein were calculated by gating on those positive for BCL-2. All san^les fiom 
eadi patifflt were labelled simultaneously under die same conditions. Because 
changes in the conceutradon ofBCL*2 couldreflect general changes in all protein 
expression, we iised non-specific dianges in another protein (fiom patient 3 
onwards) as the control; these levels were measured by flow cytometry and 
samples were incubated with fluorescdn-conjugated HLA-A, B» C antibody. The 
levels of HLA were consistent between individual samples for eadi patient 

Toxic effects of treatmeut 

20 Doseescaladonat 100%tncr6mentBwa8pos8ible,asplaDned,duetolowtoxidty. 

Thoe was no antiseause^related haematological toxicity (table 2; jiot included in 
this quotaHon). However, patient 8 developed grade 3 leucopenia and grade 2 
thrombocytaypema assodated with a Haanophilus influenzae chest infection at 
the start of treatment. 

25 Antisense treatment was continued in patiot 8, and leucopenia and 

thrombocytopenia resolved after treatmaat with intravenous antibiotics, which 
suggested a non-oligonucleotide effect Patirat 9 developed grade 2 
thnnnbo^topenia at tfie end of the 2iid week, and moderale (op to 31%) 
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eosinophilia was observed. Subsequently, at week 6, infiltration ofbone marrow 
and piogressive disease in lymph nodes was observed. Because the 
thrombocytopeiiia and eosinophilia resolved with subsequent chemotherapy, 
these effects were more likdy to result fiom advanced-stage lymphoma than &om 
S the antisense oligonucleotide. Lymphopeniawaspresentinfourpatients (patients 

3, 7» 8, and 9) at the start of treatment and did not worsen during antisoise 
therq>y. Anaemia was observed in tiliree patients 0>atient5 2» S, and 9)» but was 
not dose related and seemed to be associated with advanced infiltration ofbone 
marrow. No clotting abnormalities (prothrombin or partial tibromboplastin times 
10 or fibrinogen) or treatment-related changes in the CD4/CD8 ratio wereobserved. 

Rqieated samples ofbone marrow aspirates and trqrfiines showed no evidence 
of treatment-rdaled S9>lasia. 



Non-haematological toxic ef&cts are shown in table 2 (not included in this 
quotation). Patient 7 had ^isodes of transient syncope during rest 2 days after the 

1 5 end of treatment These episodes were caused by obstruction of die siq>erior vena 

cava due to progressive mediastinal disease. After chemotherapy to reduce this 
obstruction, no finther episodes have occurred. All nine patients had a transient 
increase in non-fasting blood concentrations of glucose, but none exceeded 12 
mmol/L and all patients' blood ghicose concentrations returned to within the 

20 normal range after stopping antisense fherq)y . No intervention was required and 

the degree of Iq^glycaemia was not dose related. Four patients developed an 
infection but no infection was direcHy attributable to the antisense tiier^y. 
Antisense treatment had no effect on liver fimction. The only significant toxic 
effect of antisense then^y was a local skm reaction around the mfiision site. In 

25 eight patients this reaction simply required resiting of the line every 3-4 days. 

However, one patient Q)atient 4) had a local inflammatory reaction that became 
unacceptably painfiil about 12 h after the start of treatment A skm biopsy san^le 
from the inflamed area showed perivascular and periadn^cal mfiltrate in the 
demiis, consisting of T lymphocytes (unable to identify subtypes), histiocytes, 

30 and a few plasma cells. The epidermis was normal and Hi&o was no vasculitis. 

Despite several site dianges and reduction of drug concentration by 50%, the 
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mflammationpersisted and treatment was stopped. Two patients who received the 
same dose and tiitee who received a 1 00% dose increment did not have the same 
degree of reaction as patient 4* 

The only significant toxic d9EbctofBCL-2 antisensetherapy was an inflammatory 
5 response at the injection site. In one patient this response was sevcrc enough for 

tibe treatment to be stopped However, response of this severity did not occur in 
the other patients, even at higjiier doses. We also noted transient non-£uting 
hypeiglycaemia during (he tieatment period. The effect had no clinical 
inqplications, bat has already been reported by Bishop and colleagues...which 

10 suggests that it may be associated with the phosphorothioatebadd>Qne chemistry 

and not with the dose. These investigators also reported a transient increase in 
concentrations of liver aminotxans&rases in two patients, whiGhresoIved aftearthe 
completion of treatment...Another trial (targeting HIV) of phosphorothioates 
given over 2 h noted a transient increase in partial thromboplastin times not 

IS associated with clotting deficiency....By contrast, we did not find any changes in 

clotting £Eu:tors or in concentrations of liver aminotransferases." 

The fiill text of the above^oted report is available fiom the publisher of The Lancet or 
through its web site at www.thelancet.com. 

EXAMPLE VI 

20 SUPPRESSION OF IgB PRODUCTION 

DSr ANIMALS IMMUNIZED ACCORDING TO THE INVENHON 

Serum antigen-specific IgE levels were measured by in Oie animals immunized as 
described in Bxeanple L As shown in Figure S, hi^ titers of IgE (5000 UAnl) were 
produced m the mice immunized witfi antigen and CT, while no d^ectd>le titers o£ IgE 
25 were pro duced in tfie mice inununized with IS S-ODN and antigen, whether by iTitr»n«iff?1[ 
or intradermal routes. 
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EXAMPLE Vn 

SYSTEMIC IL-4, IL-5, IL-10 AND INFy LEVELS, 
AND CD4+ LYMPHOCYTE PROLIFERATION, 

IN MICE AFTER 

5 DELIVERY OF ISS-ODN WITHOUT ANTIGEN 

To detamine the effect oflSSODN indqiaidmt of antigen, BALB/cmice were iqected 
intravenously widi 100 fig ofDYl018,DYl 019 oraiaodom sequoice control (PY1043) 
then sacrificed 24 his later. Spknocytes were harvested from each mouse. 

96 well miciotiterplates were coated with anti*CD3 antibody (Phanningen, La Jolla, CA) 
10 at a concentration of Ijig/ml of aaline. The anti-CX>3 antibody stimulates T cclb by 
delivering a chemical signal which mimics the effects of binding to the T cell receptor 
(TCR) complex. The plates were washed and splenocytes added to each well 
(4x1 05/well) in a medium of RPMI 1640 with 1 0% fetal calf senim. Supematants were 
obtained at days l,2and3. 

15 Th2 c/tokme (IL-4, IL-5 and IL*10> Icvds woe assayed in the si^iematants using a 
ccMnmercial kit; Thl cytokine (ENFy) levels ware assayed with an anti-INFy murine 
antibody assay (jce, e.g.,Coligan, ''(^entProtocobinImmunohgy'\lJmt6.9.S.,Wol 
1, Wiley & Sons, 1994). RektivelyWghlevd8ofIL-4andIL-10with low levels ofINF 
Y would be expected in mice with a Th2 phenotype, while relatively low levels of IL4 

20 and IL-10 whh high levels of INF-y would be expected in mice with a Thl phcaotype. 

Relativdyhig^ levels oflL-S chaiacterizeapni-inflammatoiymileau, while die converse 
is true of relatively low levels of IL-5. 

As shown inFigures 6 and 7, levels of antics stimulated IL-4 and Il^lOsecretionin 
DY1018 treated mice were substantiaUy lows' than in the control mi^ Levels m the 
25 DY1019 mice w^rc intermediate. Levels of pro-rnflammatory IL-S were reduced in 
DY1018 treated mice to a comparable extent figure 8). 
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Levels of T cell proliferatioii in response to antigen challenge were greatly reduced in 
DY1018(ISS-ODN) treated mice as compared toDY1019(mutantISS<>D^ 
control mice. Tliis suppression of T cdl proliferation was reversible on adniinstration 
of ILr2, demonstrating that the suppression was due to Th2 anergy in the ISS-ODN 
S treated mice (see, Table below). 



Treatment 


Control (CPM) 


ISS-ODN (CPM) 


M-ODN (CPM) 


OVA (50 jig/ml) 


40680 ±5495 


15901 ±4324 


42187 ±.13012 


OVA+lL-2 
(L5ng/ml) 


65654 ±17681 


42687 ±6329 


79546 ±10016 


QVA + IL-2 

(15nE/mn 


60805^19181 


57002 ± 106S8 


60293 ± 5442 



Levels of Thi stimulated IFN-y secretion were greatly increased in the DYI018 treated 
mice, but substantially reduced in the DYl 01 9 treated mice (as compared to the control), 
indicating stimulation of aTh2-typemileau in the lattCTmice (Figure 9). Additional data 
1 5 demonstrating these results are shown in the Table below, "b/f in the Table refens to 
before; " 1 st"» "2nd" and "each** refer to administration of the compound before the 1 st or 
2nd antigen challenge. 



Importantly, treatment of mice before antigen challenge is even more effective in shifting 
the immune response on antigen challenge to a Thl phenotype than is post-challenge 

20 treatment. As shown in Figures 1 0 and 1 1 , antigen primed (but unchallenged) animals 
iiy ected withlSS-ODN DY1019 72 hours before antigen challenge (with P galactosidase) 
mounted a more robust Thl-type immune response to the antigen than did their post- 
challaige treated littermates or littermates treated pre-challenge with a mutant, inactive 
oligonucleotide (DY1019), as measured by increased IFNy secretion (Figure 10) and 

25 CD4+ lymphocyte proliferation (Figure 1 1). 



Set# 



ILrS(pgfml) 



IFN-y(pg/mI) 
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10 



15 



20 



25 



Set# 



1 (naive) 



2(ISS)m 
b/flst 



3(ISS>in 
b/f2iid 



4 aSS)m 
with2iid 



5(ISS)iii 
b/feaeh 



6aSS> 
ip; b/flst 



7(ISS) 
ip; b/f 2nd 



8 OSS) 

ip;with 2nd 



9(ISS) 

ip; b/f each 



10 OSS) 
it; b/f each 



11 (M-ISS) 
in; b/f each 



12 (M-ISS) 
ip:b/feBch 



13 (M-ISS) 
it; h/f each 



14(steroid) 
sc; b/f each 

15(steroid) 



sc: daib 



II^(P8M) 



a 20 



466:1:40 



S31 ± 109 



575 ± 90 



200dk66 



190 ±52 



421 :k 102 



629 ±110 



121 ± 18 



191 ±49 



795 ± 138 



820 ± 122 



657 ± 52 



424 ±90 



252 ±96 




IFN-7(pg/mO 



i20 



246 ±86 



168 ±22 



98±44 



443 ± 128 



664 ±61 



252 ±24 



104 ±15 



730 ± 99 



610 ±108 



31±22 



33 ±33 



102 ±57 



ii20 



a 20 
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8et» 


IL-5(pg/ml) 


IFN-TCpg/ml) 


16 (control) 
not treated 


750 ±124 


24^21 



Furdier JSS-ODN admimstered according to the inv^tion suppress Th2 cytokine release 
from Th2-sensitized mouse cells (splenocytes harvested &om OV A-primed mice, then 
incubated for 72 houis with 100 (tg/ml OVA in vitro). ISS-ODN treatment took place 
ehlier 1 (-1) or 3 (-3) days before sacrifice. These data are shown below: 



Group 


TLr-3 (pe/aX) 


IL-5 (pg/mO 


IFNYfPB/ml) 


Control 


1299 ±89 


657 ± 52 


^20 


ISS-ODN (-1) 


309 ± 26 


112±18 


420 


ISS-ODN (-3) 


463 ±48 


144 ±27 


il20 


ISS-ODN (-1) 


964 ±81 


508 ±77 


420 
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SEQUENCE LISTING 

SEQUENCE ID Nos. 1 through 18 are representative hexameric nucleotide sequences 
oflSS-ODN. 

SEQUENCE ID No. 19 is the complete nucleotide sequence of ISS-ODNDY1018. 

SEQUENCE ID No. 20 is tiie conqilete nucleotide sequence of an inactive ISS-ODN 
mutant, DY1019. 
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CLAIMS 

The iiivmtion claimed is: 

1 • A method for inducing mucosal immunity to an antigen in a mammalian host, 
including the production of secretory IgA (sIgA), conopdsing introducing an 
S immunosdmulatory oligonucleotide (ISS-ODN) and the antigen into host mucosa, 
^erdn the ISS-ODNindudesacorenucleotide sequence havinglfaefomiuk^ S**Punne- 
Puzine.[CHG]-Pyrinudin&-PyrimidineH^ 

2. The method according to Claim 1 wbetdn the level of sIgA production induced 
in the host is enhanced as compared to the magnitude of sIgA production achievable in 

10 response to the antigen alone. 

3. The method according to Claim 2 wherein the enhanced s^gA production in the 
host includes antigen-specific sIgA. 

4. The method according to Claim 1 wherein the sIgA production occms in the 
mucosal tissue into which the ISS-ODN was introduced. 

IS S. Themethod according to Claim4wheFBinthesIgAproductionoccuiBinmucosal 
tissue distant fiom the tissue into which the ISS-ODN was mtroduced 

6. The method according to Claim 1 wherdn the core nucleotide sequence is 
selected from the group of sequences consisting of any of SEQJDJfos. 2-18. 

* 

7. Theme^odaocoidingtoCkiml whavrntttecorei^ 
20 ofSEQJDJ^al. 

8. The method according to Claim 7 whecein the ISS-ODN mideotide sequence 
consists of SEQJDlfo. 19. 
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9. The method according to Claim 1 wheicin the ISS-ODN and antigen are 
introduced into ttie host after the host has been separately exposed to the antigen. 

10. lihe method according to Claim 1 wherein the ISS-ODN and antigen are 
introduced into the host before the host has been separately exposioi to the antigen. 



5 11. The method according to Claim 1 whereinttieantigenisintcodacedintothesame 
host mucosal tissue into which the ISS-ODN is introduced. 



12. The method according to Claim 1 wherein the ISS-ODN is conjugated to the 
antigen. 

13. Themethod according to Claim 1 wherein the induction ofmucosal immunity in 
10 the host is accompanied by host production of cytotoxic T lymphocytes. 



14. The method according to Claim 1 wherein the induction ofmucosal immunity in 
the host is accompanied by biasing of the host immune response toward aThl phenotype^ 
wherein development of Ike Thl phenotype is evidenced by any of the following host 
immune responses: 



15 



(i) a reduction in levels ofIL-4 measured before and after antigen-challenge; 
or detection of lower levels of IL-4 in a treated host as compared to an antigen- 
primed, or primed and challenged, control; 



20 



(ii) an increase in levels of IL-12» IL-18 and/or IFN (a, p or y) before and 
after antigm challmge; or detection of higher levels of ILrl2» IL-18 and/or IFN 
(a, p or y) in an ISS-ODN treated host as compared to an antigen-primed or, 
primed and challenged, control; 



(iii) IgG2a antibody pioduction in a treated host; or 
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(iv) aieductionin levels of antigmrq^^ecific IgE as measured before and after 
antigen diallenge; or detection of lower levels of antigen-specific IgE in auISS- 
ODN treated host as compared to an antigen-primed, orprimed and challenged, 
contEol. 

5 15* The mediod according to Qaim 1 whei:ein the host mucosa into which the ISS- 
ODN.is introduced is respiratory tissue. 

16. The method according to Claim IS wherein the ISS*ODN is introduced into the 
respiratory tissue through the host nasal passages. 

17. A method for inducing mucosal immunity to an antigen in a mammalian host, 
10 includingtheproductionofsecretQrylgA, comprising introducing an ini|ipi^f>gtiTnii|fltnTy 

oligonucleotide ^S-ODN) into host mucosa in the presence of the antigen, wherein the 
ISS-ODN includes acore nucleotide sequencehaving the formula; S'-PuriQe-Puiine-[C]- 
[G]-Pyrimidine"Pyiimidine-3*, wherdn the level of sIgA production induced fai die host 
is at least three times the magnitude of sIgA production achievable in response to 
IS intcoduction of die antigen alone into the mucosal tissue. 

18. The method according to Claim 17 wherein the enhanced sIgA production in the 
host consists of die production of antigcair^ecific sIgA 

19. The method according to Claim 17 wfaerdn the enhanced sIgA production occurs 
in the mucosal tissue into which the ISS-ODN was introduced 

20 20. Themethodaccordingto Claim 19 whereintheenhancedsIgAprod^ 

in mucosal tissue distant to the mucosal tissue into which the ISS-ODN was introduced. 

21. The mediod according to Qaim 17 wherein the core nucleotide sequence is 
selected fiom the group of sequences consistiiig of any of SEQJDJ^os. 2-18. 
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22. The metliod according to Claim 1 8 wherein the core nucleotide sequence consists 
ofSEQ.IDJfo.i. 

23. The method according to Claim 22 wheiein tixe ISS-ODN nucleotide sequrace 
consists of SEQJD.No. 19. 

5 24. The method according to Claim 17 whcrem the ISS-ODN and antigen are 
introduced into the host after the host has heen sq>arately closed to the antigot 

ft 

25. The method according to Claim 17 wherein the ISS-ODN and antigen are 
introduced into the host before the host has bera separately exposed to the antigen. 

26. The method according to Claim 17 wherein the antigen is introduced into the 
1 0 same host mucosal tissue into which the ISS-ODN is intmduced. 

27. The method according to Claim 17 wherein the ISSODN is conjugated to the 
antigen. 

28. The mediod according to Claim 1 7 wherein the induction of mucosal immunity 
in the host includes host production of cytotoxic T lymphocytes. 



IS 29. The method according to Claim 17 wherein the induction of nmcosalimmi^^ 
in the host is accompanied by biasing of the host immune response toward a Thl 
phenotype, whci:ein devetopment of the Thl phoiotype is evidenced by any of the 
following host immune responses: 



20 



(i) areduction in levels ofIL-4 measuiedb^ire and after antigenrdiallenge: 
or detection of lower levels of IL-4 in a treated host as conqmred to an antigen- 
primed» or primed and challenged, conttol; 



(ii) an increase in levels of IL*12, IL-1 8 and/or IFN (a. p or y) before and 
after antigen challenge; or detection of higher levels of IL-12» IL-18 and/or IFN 
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(oc, P or y) in an ISS-ODN treated host as cx)inpared to an antigenrprimed or, 
primed and diallenged, control; 

(iii) IgG2a antibody production in a treated host; or 

9 

(iv) areduction in levels of antigen-specific IgE as measured before and after 
5 antigen challenge; or detection of lower levels of antigen-specific IgE in an ISS- 

ODN treated host as compared to an antigen-primed, or primed and challenged, 
control. 

30. The method according to Daim 1 7 wherem the host mucosa into which the ISS- 
ODN is introduced is respimtory tissue. 

10 31. The method according to Claim 29 wherein the ISS-ODN is intn)diu:edin^ 
respiratory tissue ffarough the host nasal passage. 

32. A method for inducing mucosal immunity to an antigen in a mammalian host, 
including theproduction of secretory IgA, comprisqg introducing an immunostimulatoiy 
oUgoimcleotide (ISS-ODN) into host mucosa in the presence of the antigoi, wherein the 

15 ISS-ODN includes a corenucleotide sequence having the formula: 5 -Purine-Puiine-[C]- 
[G]-Pyrimidin&-Pyi]midine>3', wherein the level of sIgA production induced in the host 
is equivalent or greater than the magnitude of sIgA production achievable in response to 
introduction of the antigen and cholera toxin adjuvant into die mucosal tissue. 

33. The method according to Claim 32 wherem the enhanced sIgA production in die 
20 host consists of die production of antigen-specific sIgA. 

34. The method according to Claim 32 i^erein die enhanced sIgA production occurs 
in the mucosal tissue into vAdch the ISS-ODN was introduced. 

35. The mediod according to Claim 34 wherein die enhanced sIgA production occurs 
in amucosaltissuedistant to tfaemucosal tissue into which the ISS-ODN was introduced. 
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36. The method according to Claim 32 wherein the core nucleotide sequence is 
selected from the groiq) of sequences consisting of any of SEQJD.Nos. 2-18. 

37. Themethod accordingto Qaim 32 wherein the core nucleotide sequence consists 
ofSEQ.IDJNo.l. 

« 

5 38. The method according to Claim 37 wherein the ISS-ODN nucleotide sequence 
consists of SEQJDm 19. 

39. The method according to Claim 32 wherein the ISS-ODN and antigen are 
introduced into the host after the host has been sq>aiately exposed to the antigen. 

40. The method according to Claim 32 wherem the ISS-ODN and antigen are 
10 iiitroduced into the host before the host has been sqjaratdy exposed to 

41. The method according to Claim 32 wherein the antigen is introduced mto the 
same host mucosal tissue into which the ISS-ODN is introduced. 

42. The method according to Claim 32 wherein the ISS-ODN is coqugated to the 
antigen. 

15 43. Tlie method according to Oaim 32 wherein the niduction of mucosal immunity 
in die host inchides host production of cytotoxic T lynqjhocytes. 

44. The method acconling to Chum 32 wherein the induction of mucosal immunity 
in the host is accompanied by biasing of flie host immune response towani a Thl 
phenotype, wherein development of the Thl phenotype is evidenced by any of the 
20 following host immune responses: 



(i) awductioninlevelsofIL-*measuredbeforeandafierantigBnKshall^ 
or detection of lower levels of IL-4 in a treated host as compared to an antigen- 
pnmed, or primed and challenged» control; 
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(ii) an increase in levels of IL-12, IL-18 and/or IFN (a, P or y) before and 
aftCT antigen challenge; or detection of higher levels of n>-12, II^l 8 and/or IFN 
(oc, p or 7) in an ISS-ODN treated host as compared to an antigen-primed or, 
primed and challenged, control; 

S (iii) IgG2a antibody production in a treated host; or 

(iv) a reduction in levels of antigra-spedfic IgJS, as measured before and after 
antigen challag^ or detection of lower levels of antigen-specific IgE in an ISS- 
ODN treated host as campared to an antigen-primed, or primed and challenged, 
control. 

10 45. llie method acconhng to Oaim 32 wheiein the host mucosa into whid^ 
ODN is introduced is r^iratory tissue. 

46. The method according to Qaim 45 wherein the ISS-ODN is inlzoduced into the 
respiratory tissue through the host nasal passages. 

47. A phamiaceutical composition comprising (a) an immunostimulatory 
1 5 oUgonucleotide (ISS-ODN) conjugated to an antigen, wherein flie the ISS-ODN includes 

a core nucleotide sequence having (he formula: 5 -Ihnine^Putine-[C]*[G]-Pyrimidine- 
Pyrimidine-3'; and» (b) a promoter of dmg absorption into mucosal tissue. 

48. A phannaceutical conqposition conqnising (a) an immunostimulatory 
oligonucleotide (ISS-ODN), wherdn the core nucleotide sequem^e of the ISS-ODN is 

20 selected fiom the group of core sequences of SEQJDHos. 1 through 18; and, (b) a 
promoter of drug absorption mto mucosal tissue,. 

49. The phamiaceutical composition of Claim 48, wheran the ISS-ODN consists of 
SEQJD.No.19. 

50. The pharmaceutical composition of Claim 48, further conqiiising an antigen. 
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S L A kit for use in inducing mucosal immunity in a msimn^^ ^]^^ host comprising an 
immunostimulatoiy oligonucleotide OiS&ODN) conjugated to an antigm within a sterile 
vial and a device for delivering the ISS*ODK into host mucosal tissue. 

52. A kit for use in inducing mucosal immunity in a mammalian host comprising an 
inamimostimulatoiy oligonucleotide (ISS-ODN) within a sterile vial and a device for 
delivering the ISS-ODN into host mucosal tissue. 

53. The kit of Claim 52, whorein the ISS-ODN consists of SEQ.ID.No.l9. 

54. The kit of Claim 52, fiirther comprising an antigen. 
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Roule: 
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